Background: Lipid accumulation in hepatocytes constitutes a major component in the
INTRODUCTION
Hepatosteatosis, or fatty liver, is the most common histopathological change in liver disorders.
Fatty liver can result from ingestion of alcohol and certain drugs, including corticosteroids, some antibiotics and nonsteroidal anti-inflammatory agents [1] . Additionally, because of its high prevalence in obesity, diabetes and insulin resistance, non-alcoholic fatty liver disease (NAFLD)
is increasingly appreciated as a hepatic manifestation of the metabolic syndrome [2, 3] . It is suspected that the accumulation of lipid in liver, regardless of its etiology, would modulate the expression and activity of various drug metabolizing enzymes. The metabolic deposition of drugs and chemical substances may then be influenced due to the incompetency of hepatic drug metabolizing capacity, resulting in altered pharmacological efficacy or adverse drug reactions. In fact, changes in pharmacokinetics of various drugs were seen within obese patients [4, 5] .
CCl 4 is a model hepatotoxicant for free radical-induced liver injury. CCl 4 is bioactivated to trichloromethyl free radical via CYP-dependent reductive dehalogenation, in which CYP2E1 plays a major role [6] [7] [8] . The trichloromethyl free radical binds covalently to lipids and proteins, resulting in membrane damage and inhibition of protein functions. Moreover, this radical attacks polyunsaturated fatty acids, generating organic free radicals which may react with oxygen to form peroxides and other cytotoxic metabolites [9] . Therefore, it is accepted that CYP2E1 activity is a key contributing factor in initiating the CCl 4 -induced liver toxicity.
Earlier studies showed that liver fatty acid synthesis is enhanced by dietary carbohydrates after short term fasting. For example, within rats who were fed a high-carbohydrate diet after being deprived of food for 2 days, the lipid synthesis and triglyceride levels in the liver were increased [10] . Both circulating and de novo synthesized fatty acids in liver were implicated in the disruption of hepatic lipid homeostasis, leading to lipid accumulation in the livers of the rats who fasted before being introduced to a high-carbohydrate/fat-free diet [11] . In this study, we examined the changes in the CYP enzyme system and CCl 4 toxicity in acute hepatosteatosis.
Since acute fatty liver induced by feeding rats with a high-carbohydrate/fat-free diet after food deprivation may avoid other complications associated with the progression of chronic liver injury, it is anticipated that the use of this model can reveal a clearer picture of the consequences of fat accumulation in liver. 
METHODS

Measurements of liver injury:
The hepatotoxicity of CCl 4 was estimated by elevation of serum enzyme activities. At 24 h after CCl 4 treatment, blood was sampled from abdominal aorta in rats under light ether anesthesia. Serum sorbitol dehydrogenase (SDH) was determined spectrophotometrically [12] . Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were determined using the method of Reitman and Frankel [13] . Thiobarbituric acid reactive substances (TBARS) were measured to quantify lipid peroxidation in liver [14] .
For evaluation of lipid accumulation in liver, sections of frozen liver were sliced at 10 μm, immersed in propylene glycol for 5 min, and stained with Oil red O for 7 min. After rinsing with 85 % propylene glycol and distilled water, the sections were counterstained with hematoxylin for 2 min before microscopic examination. For histopathologic assessment of liver injury, the left lateral lobe of liver was sliced and fixed in 10 % neutral-buffered formalin. Tissues were processed routinely and embedded in paraffin. Sections of 2-3 µm in thickness were subjected to hematoxylin and eosin staining before microscopic examination.
Changes in CYP activities: Liver was homogenized in an ice-cold buffer of 0.154 M KCl/50 mM Tris-HCl with 1 mM EDTA, pH 7.4. The homogenate was centrifuged at 10000g for 20 min, and the supernatant was further centrifuged at 104000g for 60 min. The microsomal pellet was suspended in the homogenizing medium, followed by recentrifugation at 104000g for 60 min.
The final pellet obtained was resuspended and used for measurement of microsomal CYP activities. Hepatic microsomal CYP activities were determined using the method described elsewhere [15] . P-nitrophenol hydroxylase activity was determined by measuring the formation of p-nitrocatechol. Reaction mixtures (final volume of 1 ml) contained 0.1 mM p-nitrophenol, Immunoblotting and gene expression analysis: Liver microsomal protein (20 μg) was loaded, separated by gel electrophoresis, and transferred to nitrocellulose membranes by electroblotting.
The membranes were blocked in Tris-buffered saline containing 5 % nonfat dry milk and 0.1 % Tween-20. The blots were incubated with primary antibodies at 4°C overnight. Secondary antibodies were then conjugated to horseradish peroxidase at room temperature for 1 h.
Monoclonal antibodies against rat CYP1A1/2, CYP2B1/2, and polyclonal antibodies against CYP2E1, CYP3A (Detroit R&D, Detroit, MI) were used as probes. Blots were detected by enhanced chemiluminescence. Signal intensity was normalized relative to that of β-actin. Statistical analysis: All results were expressed as the mean ± SEM. Means of the different diet groups were compared using one-way ANOVA followed by Newman-Keuls multiple range test.
The acceptable level of significance was established at P < 0.05.
RESULTS AND DISCUSSION
It has been known that diet composition following food deprivation independently manipulates hepatic fat content in rats [16, 17] . In particular, the feeding of a high carbohydrate/fat-free diet after starvation in rats was demonstrated to result in the sequential accumulation of triglyceride in their liver tissue. 6 h after refeeding, a slight microvacuolar steatosis, mainly localized in zone I, was followed afterwards by microvacuolar steatosis, which extended to all three zones of hepatic lobules [11] . Within that study, the authors proposed that fasting-refeeding a high carbohydrate/fat-free diet could constitute a good model of dietary-induced steatosis without apparent necroinflammation. The present study, which utilized the same fasting-feeding schedule,
revealed that triglyceride accumulation in liver increased significantly within the rats fed FH after a 2 day fasting when compared with the rats fed FN after fasting (Fig. 1A) .
Histopathological examination of liver samples also demonstrated similar results (Fig. 1B) . Lipid accumulation in liver was markedly increased in the FH group, when examined after Oil red O staining. But there appeared to be no significant inflammatory reactions in the liver of rats fed FH or FN after a 2 day food deprivation. The histological changes observed in the rats fed FH after food deprivation suggest that this rapid dietary manipulation could serve for a suitable model of dietary-induced acute steatosis.
Two days of fasting resulted in a small change in the CYP activities in liver ( Table 1) .
Activities of p-nitrophenol hydroxylase, p-nitroanisole demethylase, and erythromycin Ndemethylase were induced slightly, significantly within the rats who fed a normal diet after fasting (FN group), rather than the rats who were fed a normal diet without feeding interruption.
In contrast, aminopyrine N-demethylase activity was decreased in the FN group compared to the group who had regular feeding. However, intake of FH after fasting significantly inhibited all the CYP enzyme activities determined in this study. The results of immunoblotting analysis showed that expression of CYP proteins was not affected by FN intake after fasting, except for CYP1A which was decreased slightly (Fig. 2) . Nonetheless, in the FH group, the expression of CYP2E1, CYP3A, CYP1A, and CYP2B1/2 proteins was significantly lower than that found in the FN group. Similar changes were shown in the CYP mRNA expression (Fig. 3) . Deprivation of food for 2 days followed by FN intake did not affect the expression of CYP2E1, CYP3A2, CYP1A2, or CYP2B1/2 mRNAs, but decreased that of CYP3A1 mRNA. FH intake after fasting depressed the expression of all the CYP mRNAs measured markedly. Numerous studies have shown that hepatic fat accumulation results in significant alterations in the expression and activity of CYP enzymes. However, the results compiled from different studies show a lack of consistency, which could be attributed to a difference in species, sex, and c most importantly the magnitude or severity of liver steatosis [18] . In general, CYP3A4 expression, as well as its activity, decreased in fatty liver [19, 20] . Reduction of other CYPs, including CYP1A2, CYP2C11 and CYP2A1/2, was also demonstrated in association with fat accumulation in liver [21] [22] [23] . In contrast, CYP2E1 increased in rodent non-alcoholic steatohepatitis (NASH) models [24] , whereas a reduction in CYP2E1 expression was also observed in hepatic steatosis with a lack of inflammation [20] . Therefore, it is speculated that the induction of CYP2E1 in NASH results from complications associated with the inflammatory responses, rather than fat accumulation itself. The present results indicate that CYP enzymes and activities are mostly reduced in acute hepatosteatosis with minimal to no inflammatory reactions.
Treatment of the rats with a dose of CCl 4 , a CYP2E1 substrate, resulted in an elevation of serum AST, ALT, and SDH activities when determined 24 h later (Fig. 4) . Similar levels of serum enzyme activities were noted in the FN group challenged with CCl 4 . However, in the FH group the elevation of serum enzyme activities was significantly less than that shown in the FN group. Histopathological examination of liver samples showed comparable results (Fig. 5) .
Marked ballooning degeneration, fatty change, and Councilman bodies were present in hepatocytes of the rats fed FN after fasting and the rats who had regular feeding. There were inflammatory reactions, including migration of neutrophils and infiltration of mononuclear leukocytes. The inflammatory reactions and fatty infiltration in hepatocytes appeared to be more severe in the rats fed FN after fasting than in the rats who had regular feeding. However, there was no infiltration of leukocytes seen in hepatocytes of the rats fed FH after fasting. Additionally, mild ballooning degeneration was present in a few hepatocytes. Meanwhile, lipid peroxidation estimated by TBARS level was not altered by intake of the different diets (data not shown). The results suggest that the reduction of the CCl 4 hepatotoxicity is attributable to down-regulation of the CYP2E1 enzyme and its activity associated with hepatic fat accumulation.
CONCLUSIONS
The present results indicate that refeeding a high carbohydrate/fat-free diet after food deprivation is effective in inducing fatty changes in hepatocyte with minimal or no inflammatory responses.
As a result, in the steatotic livers which were induced, expression of the CYP enzymes was markedly reduced. Furthermore, a dose of CCl 4 appeared to be less hepatotoxic in the rats fed FH after fasting than in the rats fed FN after fasting. Therefore, it can be concluded that the prevention of CCl 4 toxicity in acute hepatosteatosis is attributed to the inhibition of metabolic activation of this solvent, due to the down-regulation of CYP-dependent drug metabolizing enzymes.
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